ABSTRACT Females of Muscidifurax zaraptor Kogan & Legner, a solitary pupal parasitoid of house ßies, Musca domestica L., discriminated between hosts previously parasitized by themselves and by conspeciÞcs. When hosts were in short supply, females avoided self-superparasitism and laid eggs in hosts that had been previously parasitized by conspeciÞcs. When females were given a choice to oviposit in unparasitized pupae and hosts previously parasitized by themselves and conspeciÞcs, females avoided superparasitism. Superparasitism seems to be avoided by the use of short-term memory of the position of the pupae and the use of internal host cues. Females did not respond to external cues. The adaptive signiÞcance of superparasitism in M. zaraptor is discussed.
INSECT PARASITOIDS DO NOT remove their hosts from their environment, thus allowing females to reencounter hosts previously parasitized by themselves or by conspeciÞcs (Visser 1993) . When a parasitoid encounters a previously parasitized host, it can either reject or accept that host for oviposition. Superparasitism occurs if a female deposits an egg in a host that has been previously parasitized, by a member of the same species (Godfray 1994) .
There are few beneÞts in depositing an egg in a previously parasitized host. The progeny of the superparasitizing female have to compete with an older parasitoid, often resulting in the loss of the second parasitoid (Mayhew 1997) . Alternative strategies do exist to overcome this competition. Many parasitoids are able to kill eggs previously oviposited on or in the hosts performing ovicide by piercing the eggs with their ovipositors (Arakawa 1987 , Strand and Godfray 1989 , van Alebeek et al. 1993 , Antolin et al. 1995 . Female parasitoids within Bethylidae remove the Þrst clutch by eating eggs or larvae (Goertzen and Doutt 1975, Mayhew 1997) , whereas other species inject a toxic substance into the parasitoid eggs or larvae during oviposition .
Two types of superparasitism have been distinguished in parasitoid wasps: self-and conspeciÞc superparasitism. In self-superparasitism, a parasitoid oviposits in a host in which she has previously oviposited (van Dijken and Waage 1987) . It is important for females to avoid self-superparasitism because it results in the loss of one of her offspring (Vö lkl ) and a waste of energy (van Alphen and Visser 1990) . Because the gain in Þtness from self-superparasitism is unlikely, self-superparasitism is thought to be nonadaptive ). However, there are rare situations in which self-superparasitism may be adaptive; when it is advantageous for a parasitoid to lay more than one egg in a host (van Alphen and Visser 1990) . When eggs of parasitoids are encapsulated within a host and encapsulation is limited to one parasitoid egg, superparasitism secures the survival of at least one offspring (Bakker et al. 1985 , van Alphen and Visser 1990) . Another situation in which self-superparasitism is beneÞcial is when there is a strong possibility that a host will later be attacked by a conspeciÞc Visser 1990, Visser 1993 ). There is a higher probability of gaining an offspring from that host when more than one egg is laid because the self-superparasitizing femaleÕs offspring do not have to compete with the offspring of other parasitoids (van Alphen and Visser 1990) .
In conspeciÞc superparasitism, a parasitoid oviposits in a host already containing an egg oviposited by a conspeciÞc female (van Dijken and Waage 1987) . It might be adaptive for the second female to superparasitize if unparasitized hosts are scarce (McBrien and Mackauer 1991) , provided that her offspring have a sufÞciently large chance of surviving in competition with an older egg or larva (Hubbard et al. 1987, Vö lkl and . However, conspeciÞc superparasitism can alter the body size and sex ratio of progeny (Werren 1983) . For example, Werren (1983) examined the body size and sex ratio of the gregarious parasitoid Nasonia vitripennis (Walker) when hosts were in short supply. He found that offspring were smaller and that more male progeny were produced when females oviposited in an already parasitized host. A decrease in body size can also lead to Þtness restraints (King 1987 ).
The decision to superparasitize is dependent on a number of factors such as the physiological state of the female, i.e., the life expectancy and egg load of a parasitoid ) and the quality of hosts encountered (Waage and Godfray 1985) . Females will avoid superparasitism when unparasitized hosts are abundant (Waage and Godfray 1985 , Strand and Godfray 1989 , van Alphen and Visser 1990 .
Discrimination between unparasitized and parasitized hosts minimizes mortality among progeny due to superparasitism (Wylie 1971) and is often facilitated by depositing a pheromone that deters subsequent females from attacking the host (van Dijken et al. 1992 , Hö ller et al. 1994 , Kumazaki et al. 2000 , Rosi et al. 2001 . Through the use of these chemical markers, some parasitoids can distinguish hosts parasitized by themselves (Hubbard et al. 1987) , a process referred to as self-recognition (Ueno and Tanaka 1996) . McBrien and Mackauer (1991) examined this behavior in Aphidius smithi Sharma & Subba Roa (Hymenoptera: Aphidiidae), a parasitoid of pea aphids. Females attacked conspeciÞc parasitized aphids when given a choice between conspeciÞc and self-parasitized hosts. Marris et al. (1996) found that the ichneumonid Venturia canescens Gravenhö rst, a solitary endoparasitoid of the Indianmeal moth, Plodia interpunctella (Hü bner), can distinguish among hosts attacked by itself, females of the same strain, and other conspeciÞcs, by using a chemical marker produced by the DufourÕs gland.
Chemical marks can be placed externally, as in Aphidius ervi Haliday (Hymenoptera: Aphidiidae) and Aphidius smithi (McBrien and Mackauer 1991) , or internally, as in the aphelinid Aphelinus asychis Walker, a solitary wasp that attacks pea aphids (Bai and Mackauer 1990) . Campoletis perdistinctus (Viereck) (Hymenoptera: Ichneumonidae) marks its hosts both externally, with an oily substance produced by the DufourÕs gland, and internally, with a ßuid produced by the oviducts (Guillot and Vinson 1972) .
Muscidifurax zaraptor Kogan & Legner (Hymenoptera: Pteromalidae) is a pupal parasitoid of various muscoid ßies, including the house ßy, Musca domestica L., and the stable ßy, Stomoxys calcitrans (L.). It is reared and sold for the control of these and other ßies in conÞned animal feeding operations. As with most pteromalids, it is a solitary wasp that deposits a single egg per host, with the parasitoid larva feeding externally on the host pupa within the puparium (Rueda and Axtell 1985) . Usually, if M. zaraptor deposits one egg in an already parasitized host, the Þrst instar will eliminate any subsequent eggs or larvae (Coats 1976) . Rarely do two wasps survive on the same ßy pupa (Wylie 1979) . In M. zaraptor, superparasitism should occur when unparasitized hosts are in short supply.
Muscidifurax raptor Girault and Sanders uses an external marking pheromone to deter superparasitism (Podoler and Mendel 1977) . Our observations (unpublished) suggest that M. zaraptor marks its host externally after oviposition, by using the tip of its abdomen. However, Wylie (1971) believed that a female M. zaraptor discriminates parasitized hosts only after it inserts its ovipositor into the puparium with the female detecting venom injected by the previous female. He found that females of M. zaraptor prefer to oviposit on unparasitized house ßy pupae to those attacked by other M. zaraptor females, N. vitripennis, or Spalangia cameroni Perkins (Hymenoptera: Pteromalidae). It is not known if females can use selfdiscrimination to avoid self-superparasitism.
Parasitoids that are used in mass release programs are often reared under crowded conditions (Waage and Godfray 1985) , allowing for superparasitism to frequently occur. By understanding the mechanisms involved in the avoidance of superparasitism in M. zaraptor may lead to the improvement of using parasitoids for management of Þlth ßies in conÞned animal operations. The adaptive signiÞcance of superparasitism in M. zaraptor and the proximate mechanisms involved in host discrimination will also give new insights for behavioral and evolutionary ecology. Therefore, the objective of this study was to determine whether female M. zaraptor can discriminate between hosts parasitized by themselves and those parasitized by conspeciÞcs. The possibility that learning is involved in this behavior was addressed. The mechanisms involved in host discrimination were also assessed to determine whether females use external and/or internal cues to recognize parasitized hosts.
General Materials and Methods. M. zaraptor used in this study came from a disease-free colony that was originally collected in Lethbridge, AB, Canada. Adult parasitoids were maintained in clear plastic cages at 26 Ϯ 1ЊC and a photoperiod of 16:8 (L:D) h. Adult parasitoids were given 2-d-old house ßy pupae for immature development and host feeding. Adult house ßies, maintained in screened cages at 26 Ϯ 1ЊC, a photoperiod of 16:8 (L:D) h, and 50% RH, were given granulated sugar, water, and egg powder. House ßy larvae were reared on a medium of wheat bran, Calf Kick 24 Herd Maker (e.g., a milk replacement) (Farmland Industries, Inc., Kansas City, MO), and water.
Newly emerged M. zaraptor females were isolated in plastic dishes (4.5 by 4.5 by 2.0 cm) with screened lids. Each female was placed with one newly emerged male and 10 2-d-old house ßy pupae, allowing adults to mate and host-feed for 24 h. Only newly emerged females were used in experiments. All experiments in this study (except videotaping) were conducted under the environmental conditions listed above.
M. zaraptor self-superparasitizes when conÞned in the presence of a limited number of hosts. Therefore, a preliminary study was conducted on female wasps to determine the maximum exposure to hosts to minimize self-superparasitism when females were conÞned with a limited number of house ßy pupae. A 12-h period seemed to be the exposure time that allowed females to parasitize at least one-half of the seven house ßy pupae available without signiÞcant self-superparasitism.
Experiment 1: Self-versus Conspecific Superparasitism with the Possibility to Learn Pupal Positions. Materials and Methods. This experiment was designed to determine whether M. zaraptor females distinguish house ßy pupae previously parasitized by themselves (S-P) from those house ßy pupae containing the eggs of a conspeciÞc female (C-P). Females (n ϭ 52), randomly assigned to groups A or B, were exposed individually to seven 2-d-old house ßy pupae. Pupae were glued to white paper strips (3.0 by 1.0 cm) (Strathmore colored art paper, Strathmore Paper Co., WestÞeld, MA) by using ElmerÕs glue-all multi-purpose glue. All pupae were oriented in the same direction and were separated from each other by one pupal width. Under standard laboratory conditions, all females were allowed to parasitize these pupae for 12 h. Subsequently, females in group A were placed individually in dishes with seven of their own previously parasitized pupae (S-P) and seven pupae from another female (group B) for 12 h. The placement of S-P pupae was randomly allocated to either the right or left side of the dish. Because females were exposed to the same pupal positions during the Þrst and second exposure times, females had the opportunity to learn the positions of the pupae. After 12 h, females were removed and the house ßy pupae placed in the freezer until dissection. Data on the total number of pupae parasitized and the number of pupae superparasitized were recorded for S-P and C-P pupae for each female by counting the number of parasitoid eggs in each house ßy pupa. If no eggs were found, then the host was considered as rejected for oviposition. If two eggs were found, then the wasp had parasitized a C-P or S-P host, and superparasitism was considered to have occurred. Data on the total number of pupae parasitized were collected to determine that each pupal category had the same chance of being parasitized. The data were analyzed as a randomized complete block design (blocked by wasp) using PROC GLM (SAS Institute 1996) . Means, standard error of the means, and pairwise comparisons were obtained using the LSMEANS procedure within SAS (SAS Institute 1996).
Results. There were no differences in the total number of pupae parasitized between C-P (5.58 Ϯ 0.19; mean Ϯ SE) and S-P (5.11 Ϯ 0.31) hosts (F ϭ 1.60; df ϭ 1, 25; P ϭ 0.2174). When female M. zaraptor encountered S-P and C-P pupae in a constant position, the majority of house ßy pupae dissected had only one parasitoid egg (Fig. 1A) . However, females superparasitized a greater number of C-P pupae than S-P hosts (F ϭ 8.39; df ϭ 1, 25; P Ͻ 0.0077) ( Table 1) .
Experiment 2: Self-versus Conspecific Superparasitism without the Possibility to Learn Pupal Positions. Materials and Methods. To minimize a female waspÕs opportunity to learn the position of puparia, the above-mentioned experiment was repeated, but house ßy pupae, exposed to female wasps (n ϭ 48), were not glued to paper strips. Because females could slightly alter the position of pupae during oviposition, a paper strip (3.0 by 1.0 cm) was folded in half, with one of the halves taped to the bottom of the dish, preventing the S-P and C-P pupae from becoming mixed up during the experiment. The placement of the pupae in the two categories was random with respect to the right or left sides of the dish. After 12 h, females were removed and the house ßy pupae placed in a freezer until dissection. The same dissection and statistical procedures were used as in the previous experiment.
Results. There were no differences in the total number of pupae parasitized between C-P (6.13 Ϯ 0.24; mean Ϯ SE) or S-P (5.67 Ϯ 0.35) hosts (F ϭ 1.45; df ϭ 1, 23; P ϭ 0.1896). When female M. zaraptor encountered C-P and S-P pupae in random position, more C-P than S-P hosts were superparasitized (F ϭ 4.13; df ϭ 1, 23; P Ͻ 0.0006) (Table 1; Fig. 1B) .
Experiments 3 and 4: Discrimination among Unparasitized, Self-, and Conspecific Parasitized Hosts with the Possibility to Learn Pupal Positions. Materials and Methods. The following two experiments were conducted to test whether M. zaraptor females avoid Means in the same row followed by a different letter are signiÞ-cantly different (LSMEANS, SAS Institute 1996) at ␣ ϭ 0.05. a n is number of females.
superparasitism when given a choice to oviposit in S-P, C-P, and unparasitized (U-P) pupae. In experiment 3, 26 females were separated into each of two groups: A and B. To determine the extent of superparasitism when unparasitized hosts are available, Þve 2-d-old house ßy pupae were used in this experiment rather than seven as in previous experiments. This modiÞcation allowed females to be exposed to the same number of available hosts (15 pupae) in the last step of the experiment, similar to the 14 pupae that females were exposed to in the Þrst two experiments, without increasing the number of hosts available. House ßy pupae were glued to white paper strips as before. Females were allowed to parasitize these pupae for 8 h. This decrease in exposure time from 12 h was due to a decrease in the number of pupae used in this experiment. Females from group A were placed individually in dishes with Þve S-P pupae, Þve C-P pupae (parasitized by a female from group B), and Þve U-P pupae. The placement of the pupae in the three categories was random with respect to the left, middle, or right sides of the dish, such that equal repetitions resulted for each location. Dissection procedures were the same as previously described. However, if one egg was found in a pupa, the female was considered to have accepted a U-P host for oviposition or the female had rejected a C-P or S-P host for oviposition. Statistical analyses were the same as those described previously.
In experiment 4, the number of hosts per wasp (n females ϭ 26) in the Þrst 12 h was increased to seven, to keep numbers of pupae equal to the number of pupae exposed to females in the self-versus conspeciÞc superparasitism experiments. This adjustment resulted in an increase in the total number of pupae exposed to each female to 21, allowing the extent of superparasitism to be determined when there was an increase in the number of available hosts.
Results. When females encountered Þve pupae per pupal category (S-P, C-P, and U-P), there were no differences in the total number of pupae parasitized for each pupal category (F ϭ 1.72; df ϭ 2, 48; P ϭ 0.1900) ( Table 2 ). There were differences in superparasitism among S-P, C-P, and U-P pupae (F ϭ 1.66; df ϭ 2, 50; P Ͻ 0.005), with females avoiding to superparasitize U-P hosts (Table 3) .
When the number of pupae per pupal category was increased to seven, there were differences in the total number of pupae parasitized between S-P, C-P, and U-P hosts, with fewer unparasitized hosts being parasitized (F ϭ 3.47; df ϭ 2, 50; P Ͻ 0.0388) ( Table 2) . With this increase in available hosts, females avoided superparasitizing S-P, C-P, and U-P pupae (F ϭ 1.66; df ϭ 2, 50; P ϭ 0.2012) ( Table 3) .
Experiment 5: Discrimination among Unparasitized, Self-, and Conspecific Parasitized Hosts without the Possibility to Learn Pupal Position. Materials and Methods. To minimize a female waspÕs opportunity to learn the position of puparia in each treatment, this experiment was designed so that house ßy pupae exposed to female wasps (n ϭ 54) were randomly placed in the dishes within their third of the arena. Puparia were not glued to paper strips. Each female (n ϭ 27) was exposed for 12 h to the three pupal categories that were randomly placed to the sides or the middle of the dish. Pupae were separated using two folded paper strips (3.0 by 1.0 cm) that were taped to the bottom of each dish. Dissection procedures and statistical analyses were the same as in previous experiments.
Results. Although there were differences in the total number of pupae parasitized (F ϭ 15.06; df ϭ 2, 52; P Ͻ 0.0001) with fewer U-P hosts being parasitized (Table 2) , there were no differences in the number of pupae that were superparasitized between S-P, C-P, or U-P hosts when hosts were randomly placed in the dishes (F ϭ 1.95; df ϭ 2, 52; P ϭ 0.1528) ( Table 3) . Means in the same row followed by a different letter are signiÞcantly different (LSMEANS, SAS Institute 1996) at ␣ ϭ 0.05. a n is number of females. Means in the same row followed by a different letter are signiÞcantly different (LSMEANS, SAS Institute 1996) at ␣ ϭ 0.05. a n is number of females.
Experiment 6: General Behavioral Observations and Behaviors Used to Detect External and Internal
Cues. Materials and Methods. Self-and conspeciÞc superparasitism activity was recorded using a Panasonic time-lapse VHS recorder, model AG-6720A (Secaucus, NJ) and a Javelin Electronics Chromachip videocamera, model JE3362 (Torrance, CA). Two females were each placed in plastic dishes (2.0 by 2.0 by 1.5 cm) and each given seven 2-d-old pupae glued to white paper strips as before. The dishes were placed next to each other, and a glass cover was placed over the two dishes allowing the activity of both wasps to be recorded simultaneously for 12 h. Subsequently, one of the females was then given her own previously parasitized pupae (S-P) and pupae from the other female (C-P). The S-P pupae were randomly allocated to either the right or left sides of the dish. Female activity (n ϭ 7) with S-P and C-P pupae was recorded for 12 h, allowing determination of which pupae she avoided, parasitized, or superparasitized. After the experiment, house ßy pupae were dissected to determine the presence or absence of parasitoid egg(s). Duration of time spent per pupa and total duration of time spent on all C-P versus S-P pupae were determined using an event recorder program (copyrighted by Kansas State University) and analyzed using MannÐ Whitney U tests (SAS Institute 1996) . Because the perception of an external host marking pheromone probably involves chemoreceptors on the antennae (Rosi et al. 2001) , the detection of external cues was assessed by examining the duration of time females spent drumming the host with their antennae. Duration of antennal drumming by wasps before initiating drilling with their ovipositor was assessed for pupae that were accepted or rejected for oviposition among S-P, C-P, and U-P pupae. To circumstantially Þnd evidence that females use cues within the puparia to detect parasitized hosts, the duration of time the female spent with her ovipositor inserted in the host was determined for pupae that were accepted or rejected for oviposition and were either S-P, C-P, or U-P pupae. Due to the angle of the female during videotaping, it was often difÞcult to determine the exact time the ovipositor completely drilled through the puparia. Therefore, the time the female spent with her ovipositor inserted (when the females abdomen touched the puparium) was included with time spent drilling. Only those females that had their ovipositors completely inserted were examined. The length of time it took to drill through the cuticle was recorded only for four females (n ϭ 16 observations) that did not obscure the view of oviposition during videotaping.
The same dissection criteria used to determine superparasitism in previous experiments was used to determine whether females accepted or rejected a host. Data on the total number of pupae parasitized and the number of pupae superparasitized were recorded for S-P and C-P pupae. Data were analyzed using the PROC NPAR1WAY procedure in SAS (SAS Institute 1996). Data were analyzed using PROC GLM (SAS Institute 1996) to determine whether there were differences in antennal drumming and ovipositor probing times between pupae that were accepted and rejected for oviposition among S-P, C-P, and U-P pupae.
Results. Total number of pupae parasitized did not differ between C-P (6.43 Ϯ 0.37; mean Ϯ SE) and S-P hosts (5.86 Ϯ 0.26) (F ϭ 1.60; df ϭ 1,7; P ϭ 0.2299). Females oviposited a greater number of eggs in C-P (2.71 Ϯ 0.47) pupae than in S-P hosts (1.14 Ϯ 0.40) (F ϭ 6.37; df ϭ 1, 7; P Ͻ 0.0267).
Analysis of videotaped behaviors revealed that the total duration of time spent on pupae was greater for C-P (123.6 Ϯ 31.5min) than for S-P (34.9 Ϯ 12.0 min) pupae (U ϭ Ϫ2.43; df ϭ 1, 6; P Ͻ 0.0152). There were no differences in time spent per pupa between C-P (24.1 Ϯ 3.4 min; mean Ϯ SE) and S-P (13.4 Ϯ 3.38 min) (U ϭ Ϫ1.79; df ϭ 1, 6; P ϭ 0.0736). There were no signiÞcant differences in antennal drumming times between pupae that were accepted and rejected for oviposition in C-P, S-P, or U-P hosts (F ϭ 0.02; df ϭ 2, 102; P ϭ 0.9778) ( Table 4) . Females spent considerably more time drilling and probing with their ovipositor in U-P pupae than in S-P or C-P pupae (Table  5) . However, within a category of host, there were no differences in drilling and probing times between pupae that were accepted or rejected for oviposition among S-P, C-P, or U-P hosts (F ϭ 0.33; df ϭ 2, 128; P ϭ 0.7217). The average (Ϯ standard error) time it took four females to drill through the puparium was 7.14 Ϯ 2.13 min (n ϭ 16, range of 60 s to 19.48 min), a similar amount of time to reject a previously parasitized host. When females were presented pupae that were S-P or C-P, females rejected hosts quickly. For S-P hosts, females rejected the majority after 5 min ( Fig. 2A) . For C-P hosts, females rejected pupae after two to 20 Means within both rows and columns, followed by a different letter are signiÞcantly different (LSMEANS, SAS Institute 1996) at ␣ ϭ 0.05. a n is number of pupae.
min (Fig. 2B) . However, U-P pupae were accepted or rejected for oviposition after Þve to Ͼ30 min (Fig.  2C) . Females that accepted S-P or C-P hosts for oviposition had shorter probing durations than females that oviposited in U-P hosts (Fig. 2AÐC) . The majority of females that drilled and oviposited on S-P and C-P pupae used different drilling sites with few females using the same drill site during the second exposure.
Discussion
When unparasitized house ßy pupae were in short supply, females of M. zaraptor avoided self-superparasitism and chose to superparasitize C-P hosts, suggesting that females can discriminate between hosts previously parasitized by themselves and by conspeciÞcs. However, when females were given an increase in the number of available hosts by giving them the choice to oviposit in S-P, C-P, and U-P hosts, females avoided superparasitism in S-P and C-P hosts and focused on ovipositing U-P hosts. These results suggest that female M. zaraptor can discriminate between parasitized and unparasitized hosts, conÞrming results previously obtained (Wylie 1965 (Wylie , 1971 . Because females were able to discriminate between self-and conspeciÞc superparasitism, we can conclude that self-superparasitism in M. zaraptor was nonadaptive. However, this study did not address the possibility that self-superparasitism in M. zaraptor may become adaptive when unparasitized hosts become depleted. This can be addressed by measuring the differences in pay-off between self-and conspeciÞc superparasitism. Experiments are needed to determine whether a female gains more offspring by searching a patch containing both parasitized and unparasitized hosts alone versus searching a similar patch with other conspeciÞcs (Visser 1993 ).
Although it was not possible to do statistical analysis to determine differences in superparasitism between pupae that were kept on the same positions and those presented randomly to females, inspection of the data suggests that superparasitism might have been avoided by the use of short-term memory of the position of the pupae. For example, conspeciÞc and selfsuperparasitism was higher in house ßy pupae when they were randomly presented than when they were kept on the same position. The role of short-term memory is important in the foraging strategy of the ichneumonid wasp Pimpla nipponica Uchida, an endoparasitoid of the greater wax moth, where females use short-term memory to recognize self-parasitized hosts (Ueno and Tanaka 1996) . However, because female M. zaraptor were able to distinguish between S-P and C-P hosts, regardless of position, external and/or internal chemical cues could be an alternative explanation to learning. When females were randomly Means within both rows and columns, followed by a different letter are signiÞcantly different (LSMEANS, SAS Institute 1996) at ␣ ϭ 0.05. a n is number of pupae. presented with an abundant supply of U-P, S-P, and C-P, avoidance of superparasitism occurred with no signiÞcant difference in superparasitism among pupal groups.
Female parasitoids often deposit a marking pheromone externally to warn other ovipositing females that the host has been previously parasitized (McBrien and Mackauer 1991 , Kumazaki et al. 2000 , Rosi et al. 2001 . M. raptor, a close relative of M. zaraptor, uses an external marking pheromone to deter superparasitism (Podoler and Mendel 1977) . In our study, a female would often tap the pupa by using the tip of her abdomen after oviposition. It is not known whether this behavior resulted in a deposition of a marking pheromone because results of this study did not provide evidence that external cues were used to discriminate between parasitized and unparasitized hosts. Although there were no differences in antennal drumming times between pupae that were accepted and rejected for oviposition in S-P, C-P, and U-P hosts, females spent a little more time drumming U-P pupae than S-P or C-P pupae. It is not known whether this small difference in drumming duration was an indication of an external marking pheromone. Females still drilled through the puparium before rejecting the host; therefore, internal factors might have inßuenced their decision to reject or accept a host for oviposition.
Observations of drilling behavior suggest that females used the ovipositor to discriminate between parasitized and unparasitized hosts. Ovipositor drilling and probing times were higher in U-P pupae. Because the majority of females used different drill sites during the second exposure, drilling in the same drill site for pupae previously parasitized cannot contribute to the differences in probing and oviposition times among S-P, C-P, and U-P pupae. Females spent similar amounts of time probing U-P hosts that were either accepted or rejected for oviposition. However, S-P or C-P hosts were quickly rejected for oviposition in comparison with U-P house ßy pupae, suggesting that females use internal cues to discriminate between parasitized and unparasitized hosts. This conÞrms the results of Wylie (1971) , who believed "venom" injected by other females is responsible for oviposition restraint.
Research on how females avoid superparasitism is important to ensure that high-quality parasitoids are being used in biological control programs. Although M. zaraptor avoid self-superparasitism and will oviposit in conspeciÞc parasitized hosts when hosts are in short supply, more studies are needed to determine how females use internal marking cues to distinguish between parasitized hosts. Additional studies are needed to understand the role of the DufourÕs gland or other reproductive structures in relation to the site of production for internal marking materials.
